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from the tissue due to differential charging under the elec-
tron beam of the ESEM. The film may be seen to be
precisely conformed to the shape of the vessel and be
approximately 5—-8 pm thick.

The region of polymerization was restricted to the neigh-
borhood of the blood vessel wall surface. The photosensitive
dye was adsorbed to the vessel wall. Unbound dye was
rinsed away. The entire lumen was filled with prepolymer,
but upon illumination the gel formation was restricted to the
vessel wall where the dye and the prepolymer meet. This
interfacial polymerization process can be conducted to pro-
duce surface adherent layers that vary in thickness from less
than 7 pm to more than 500 pm.

The above procedure was performed in 8 control rat
arteries, and 8 treated arteries, with equivalent light micro-
scopic histological results as described above. As demon-
strated by this study, PEG prepolymers can be polymerized
upon the lumenal surface of blood vessels. The immediate
effect of this modification is to reduce the thrombogenicity
of an injured blood vessel surface. This has clear utility in
improving the outcome of balloon angioplasty by reducing
the thrombogenicity of the vessel and lesion injured by
balloon dilation. Another effect of this modification is to be
reduce smooth muscle cell hyperplasia. This may be
expected for two reasons. First, platelets contain a potent
growth factor, platelet-derived growth factor (PDGF),
thought to be involved in post-angioplasty hyperplasia. The
interruption of the delivery of PDGF itself poses a pharma-
cological intervention, in that a “drug” that would have been
delivered by the platelets would be prevented from being
delivered. Thrombosis results in the generation of thrombin,
which is a known smooth muscle cell mitogen. The inter-
ruption of thrombin generation and delivery to the vessel
wall also poses a pharmacological intervention. There are
other growth factors soluble in plasma which are known to
be smooth muscle cell mitogens. The interruption of throm-
bin generation and delivery to the vessel wall also poses a
pharmacological intervention. Moreover, there are other
growth factors soluble in plasma which are known to be
smooth muscle cell mitogens. The gel layer is known to
present a permselective barrier on the surface of the tissue,
and thus the gel layer may reasonably be expected to reduce
hyperplasia after angioplasty. The inhibition of thrombosis
upon the vessel wall may also reduce the incidence of abrupt
reclosure and vasospasm, both of which occur sometimes
following vascular intervention.

EXAMPLE 21

Interfacial Polymerization of Macromers Inside
Blood Vessels to Prevent Thrombosis

Macromer solutions were polymerized interfacially
within previously injured blood vessels in vivo to prevent
thrombosis. The carotid artery was exposed, and a polyeth-
ylene tube (PE-10) was used to cannulate the exterior carotid
artery. The artery was clamped with fine arterial clamps
proximal to the interior/exterior carotid artery bifurcation
and approximately 2 cm distal to the bifurcation. A 1 mi
tuberculin syringe was used to rinse the blood from the
lumen of the isolated zone by filling and emptying the vessel
zone. The vessel was injured by crushing using a hemostat.
The isolated zone was filled with a 10 mM solution of eosin
Y for 2 minutes, after which it was rinsed and filled with a
20% solution of a macromer in saline with 0.1 mM trietha-
nolamine and 0.15% N-vinyl pyrrolidinone. The macromer
consisted of a PEG chain of MW 8,000 daltons, extended on
both sides with a lactic acid oligomer of an average degree
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of polymerization of 5 lactidyl groups, and further acrylated
nominally at both ends by reaction with acryloyl chloride.
The vessel was illuminated transmurally using an argon ion
laser (514 nm) at an intensity of approximately 1 mW/cm?
for 5 seconds. Following this, the cannula was removed
from the exterior carotid artery and the artery was ligated at
the bifurcation. The arterial clamps were removed to permit
the resumption of blood flow. Perfusion was allowed for 20
minutes, following which the vessel were again isolated,
removed from the body, gently rinsed, fixed, and prepared
for light microscopic histological analysis. Using the naked
eye, the crushed segments in control animals, which lacked
illamination, were red, indicating internal thrombus with
entrapped red blood cells. By contrast, no redness was
observed at the site of the crush injury in the treated vessels.
Histology showed extensive thrombus, fibrin, and entrapped
ted blood cells in the non-treated vessels. By contrast, no
thrombus or fibrin or entrapped red blood celis were
observed in the treated vessels. The procedure was con-
ducted in four control animals and three treated animals.

This example demonstrates that the polymerization can be
carried out in situ in the living animal, that the polymer
coating remains adherent to the vessel wall during arterial
blood fiow, and that the polymer coating can prevent throm-
bosis in vivo in non-anticoagulated animals. This approach
to treatment has clear benefits in preventing abrupt
reclosure, vasospasm, and restenosis after intravascular
interventional procedures. Moreover, it is more generally
applicable to other intraluminal and open-surface organs to
be treated.

Modifications and variations of the present invention, the
macromer and polymeric compositions and methods of use
thereof, will be obvious to those skilled in the art from the
foregoing detailed description. Such modifications and
variations are intended to come within the scope of the
appended claims.

We claim:

1. A method of forming a polymeric, biocompatible
material on tissue or cells, the method comprising applying
to the tissue or cells a solution of biodegradable, polymer-
izable macromer having a solubility of at least about 1 g/100
ml in an aqueous solution comprising at least one water
soluble region, at least one degradable region which is
hydrolyzable under in vivo conditions, and free radical
polymerizable end groups having the capacity to form
additional covalent bonds resulting in macromer
interlinking, wherein the polymerizable end groups are
separated from each other by at least one degradable region,
in the presence of a free radical initiator, and polymerizing
the macromer.

2. The method of claim 1 wherein the tissue is coated with
the polymerized macromer to inhibit the formation of adhe-
sions.

3. The method of claim 1 wherein the method further
comprises applying the macromer solution to tissue surfaces
in the presence of free radical initiator and polymerizing the
macromer to adhere the tissue surfaces.

4. The method of claim 1 further comprising providing
with the macromer solution biologically active materials
selected from the group comsisting of proteins,
carbohydrates, nucleic acids, inorganic biologically active
materials, cells, tissues, and tissue aggregates.

5. A method of forming a polymeric, biocompatible
material on tissue, the method comprising:

applying a free radical initiator at a tissue site; and

applying to the tissue site a solution of biodegradable,

polymerizable, and at least substantially water soluble



